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OBJECTIVE:

The object of this work was to develop a rubber pad for tracked

vehicles that would provide reliable service for 5000 miles of vehicle
operation.

BACKGROUND :

For the past 13 years, the Research Directorate at Rock Island
Arseral has been involved in funded programs to improve the wear resis-
tance of rubber tank track pads. The studies began in FY63 and have been
continuous since that time. Particular emphasis was placed on the im-
provement of the wear resistance of rubber pads for the Tl42 and T130
tracks since unit procurement for these tracks is, by far, the largest
for track currently in use, The T142 track is used on the M48-and M60-~
series tanks, and the T130 track is used on the M1l1l3 personnel carrier.
The operating life and reliavbility of the T142 track, developed to re=-
place the T97E2 track, is limited to approximately 2000 miles because of
the limitations of the rubber components. While the metal track remains
operational for 5000 miles or more, the average life of the rubber pads is
seldom wore than 2000 miles. A rubber track pad that would match the
operational life of the metallic track is highly desirable and would result
in increased reliability and reduced maintenance, and in a tremendous cost
savings in the purchase of replacement pads. Commercially available track
pads fabricated from SBR fall far short of the objective. Ppagt efforts of
this laboratory =10 have heen directed toward (1) the development of pads

l. Veroeven, W.M., "Synthesis and Evaluation of Polyurethane Elastomers,"
Rock Island Arsenal Laboratory Technical Report 63-1242, April 1963.

2. Veroeven, W.,M,, and J.W. McGarvey, "Polyurethane Elastomers for Track

Pad Applications,' Rock Island Arsenal Laboratory Technical Report 63-2900,
September 1963,

3. McGarvey, J.W, and W,M. Veroeven, '"The Development of Elastomeric Vul-
canizates for Track Pad Applications," Rock Island Arsenal Laboratory
Tecanical Report 64-2678, Septemver 1964,

4. Veroeven, W.M,, and J.W, McGarvey, '"Polyurethane Vulcanizates for Track
Pad Application,' Rock Island Arsenal Laboratory Techuical Report 64-3579,
Deccuber 1964,

5. McGarvey, J.W., and J.R. Cerny, 'Development and Service Testing of a
Rubber Track Pads,'" Rock Island Arsenal R&E Division Technical Report 66-2517,
August 1966,

6. Bergstrou, E.W., and J.R., Cerny, 'Development of Rubber Pads for Tracked
Vehicles,'" Sciernce and Technology Laboratory Technical Report RE TR 70-121,
February 1970.

/. Bergstrom, E.W., and J.R. Cerny, "Rubber Pads for Tank Track," Research
Directorate Technical Report RE TR 71-13, July 1971.

8. Bergstrom, E.W,, "Prediction of Wear Resistance of Rubber Track Pads by
Staidard Laboratory Tests,'" Research Directorate Technical Report RE TR 71-43,
July 1971.

9. Bergstrom, E.W.,'Development of Wesr-Resistant Elastomers for Track Pads,"
Research Directorate Technical Report SWERR-TR 72-74, October 1972.

10. Bergstrom, E.W., '"Material Development for Improved Rubber Track Pads,"
Research Directorate Technical Report R-TR-74-021, April, 1974,
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that would match the operational life of the metal track and (2) the
cevelopment of a laboratory test or tests that could be used in the
prediction of the wear resistance of experimental track pad compounds
without resorting to costly and time consuming service tests, Significant
progress has been made in both areas. Experimental track pads based on
stereospecific SBR (Stereon 750), SBR/polybutadiene blends (Fhilprene
1609/Cis-4 1350 (or Cis=-4 1351), Ameripol 1834/Ameripol CB 1352) and alfin
catalyzed copolymers of butadiene/siyrene and butadiene/isoprene (HYTRANS)
have exhibited a 50 percent or greater improvement in tread wear during
service tests when compared to commercial SBR pads. The service testing
of commercially prepared pilot lots of pads based on stereospecific SBR
and SBR/polybutadiene blends has confirmed this improvement in tread wear,
The uncertainty regarding the future commercial availibility of the alfin
catalyzed copolymers of butadiene/isoprene and butadiene/styrene has pre-
cluded the preparation of pilot lots of pads based on these elastomers.
Correlation was found between service test wear ratings and laboratory test
data obtained for tear strength, resistance to crack growth, and abrasion
resistance. This report covers work done on the improvement of the wear
resistance of rubber track pads since issuance of the previous report10

plus a summary of all work done on this problem since the initial investi-
gation began in FY63.

APPROACH:

Rubber compounds designed for initial laboratory evaluation were mixed
on a 12=-inch rubber mill, Tensile strength, elongation, and modulus were
detcruined at ambient and elevated temperatures by use of a Scott Model
L-6 rubber tensile tester equipped with a Scott Model HTO hot tensile oven
and autographic recorder-controller. Each dumbbell specimen was placed in
the grips of the tester and conditioned for six minutes at the elevated
temperature before being tested. All other physical properties were de-
termmined by ASTM procedures where applicable. Physical propertics of ex-
perinental compounds were compared with those of the Research Directorate
SBR control compound which has given wear ratings similar to those of com~-
mercial SBR compounds in numerous service tests.

A Number 1 Banbury mixer was used to mix all compounds selected for the
preparation of experimental track pads. The Banbury mixed compound was
traniferred to a 30-inch mill for additional mixing and sheeting=out. The
cool :d stock was later transferred to an 18-inch mill for warmup and for

shee.ing-out to the desired thickness for preparation of track pad preforms
from rolled stock,

10 B:rgstrom, Ibid.




The following uurface prepirations were made on the track pad metal
backup plates (inserts) and on the .sTH DL29-68 steel test panels prior to
vulcanization~bonding to the ruober stocks: degreasing, glass beadblasting,
solvent-wiping, brush application of bondiny agent, and drying.

Service tests of experimental track pads were arranged through the
JeS« Army Tank-automotive Command (TACOM), Warren, Michigan.

The following wear (durability) rating was used to compare the per-
formance of the rubber track pads tested:

x:i:me Average volume loss of commercial SER control pads y ;09
Rating Average volume loss of experimental pads

Compound formulations are given in Table 1.

RESULTS AND DISCUSSION:

Brass-plated wire cloth (National-Standard Company, 16x14 mesh, .0l3
Hi-Carbon C-1055 brass-plated warp wire x .020 Low Carbon C-1008 steel wire
with no coating fill wire), when laminated with rubber in alternate horizontal
layers (seven layers of rubber and six layers of wire cloth) was previously
fourdlO ¢o provide outstanding iumprovement in resistance to heat buildup |
of experimental track pad compounds in laboratory tests with the Firestone
Flexometer., Experimental track pads containing the wire cloth reinforcement,
however, displayed poor wear resistance in service tests.l0 Examination of
the wire reinforced pads upon completion of test revealed that the wire
cloth actually had an adverse affect on wear resistance. Delamination of
the pads in the area of the wire cloth resulted in excessive chunking and
tearing and premature loss of rubber, as shown in Figure 1. Tests were run
using the Firestone Flexometer to determine if lesser amounts (three layers)
of wire cloth positioned horizontally at different points within the specimen
or the same amount (six layers) of wire cloth pcsitioned vertically within
the specimen would display the outstanding resistance to heat buildup ex- R
hibited by specimens containing six layers of wire cloth positioned evenly
throughout., Firestone Flexometer specimens were prepared, as shown in Figure
2, by lamination of the wire cloth with the uncured rubber and then compression
molding the specimens in the usual manner. Each piece of wire cloth measured
1/2 inch by 1 1/2 inches and weighed approximately one gram. When six
pleces of wire cloth were used in the preparation >f the specimens, the total
wirc cloth content amounted to approximately 20 parts/100 rhc, by weight, of
rubber. The resistance-to-heat buildup was determined by use of the Firestone E

10 Bergstrom, Ibid




Flexometer. The tine required for the temperature to rise from 100°F

to 200°F was measured when the specimens were subjected to test conditions
of 0.25-inch throw and 600-pound loading. Test results are given in

Table 2 in which the Research Directorate SBR 1530 control compound (S152-
1) was used as the base., The use of only three layers of wire cloth position-
ed horizontally in various areas within the specimens was not as effective
as six layers in the improvement of the resistance-to-heat buildup. Al-
though the specimens containing three layers of wire cloth exhibited no
tearing or delamination in this test, the time for the temperature to rise
from 100°F to 200°F was much shorter for these specimens than foir the speci-
mens containing six layers of wire cloth positioned horizontally (23 or 28
minutes vs. 104 minutes). If the specimens containing the three layers of
wire cloth had been flexed as long as 104 minutes, the dynamic action of the
wire cloth on the rubber may have induced some tearing of the rubber, re-
gardless of deterioration due to heat buildup. The specimens containing six
layers of wire cloth positioned vertically had much poorer resistance~-to-
heat buildup than the control specimens and exhibited significant tearing of
the rubber around the wire cloth. Even though resistance-to-heat buildup
may be improved in some cases, the use of wire cloth in track pads is not
feasible because of the caunking and delamination problem associated with its
use under dynamic conditions. The problem may be similar to that observed
in steel-velted radial tires operated at high speeds. 1In the 7 April 1975
issue of Rubber & Plastics News, the Department of Transportation gave warn-
ing that steel-belted radials may disintegrate at high speeds due to tread
and belt separation., Similarly, on 14 March 1975, the U.S. Law Enforcement
Assistance Administration (LLEAA)of the Department of Justice issued a warn-
ing that steel-belted radial tires can break down and disintegrate at high
specds.

Numerous potential chemical heat stabilizers were evaluated in the
Research Directorate SBR 1500 control compound (S152-1) and in proven wear=-
resistant experimental track pad compounds based on Stereon 750 (stereo-
specific SBR) (S227-2), Philprene 1609/Cis-4 1350 (SBR/polybutadiene blend)
(S212-2), and HYTRANS 1227-289-1 (alfin catalyzed copolymer of butadiene/
styrene) {(S223-4) to determine their effect on the resistance to heat build-
up. The evaluation of these heat stabilizers also included the determination
of tueir effect on (1) stress-strain properties at ambient temperature, 300°F
and after aging 70 hours at 212°F, and (2) tear, Die C, at arbient and 250°F,
These results are given in Tables 3-6 and are summarized below:

1. Heat Stabilizers Which Provided Significant Reduction
in_Heat Buildup (Firestone Flexometer)

Compound Type and Number Heat Stabilizer
a. Research Directorate SBR 1500 Dythal (dibasic lead phthalate)
control compound (S152-1) Cadmium oxide

Al89 (silane coupling agent)

AR T L S
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Compound Type and Number

b. Stercon 7590 (S227-2)

c. Philprene 1609/Cis-4 1350
(s212-2)

d. HYTRANS 1227-289-1 (S223-4)

Heat Stabilizer

Dythal
Cadmium oxide

Dythal
Cadmium oxide

Dythal
Cadmium oxide
Manganese Dioxide

2. Heat Stabilizers Which Provided Significant Improvement in

Retention of Tear Strength When Measured at 2509F

Compound Type and Number

a. Research Directorate 3BR 1500
control compound (S152-1)

b. Stereon 750 (S227-2)
c. Philprene 1609/Cis-4 1350

(s212-2)

d. HYTRANS 1227-289-1 (S223-4)

Heat Stabilizer

Dyphos (dibasic lead phosphite)
Al89

Manganese dioxide

Rio Resin

None

Dyphos
Al89

None

3. None of the heat stabilizers significantly improved the retention
of physical properties measured at 300°F or after aging 70 hours

at 212°F.

SBR 1500 vulcanizates reinforced with silica (Hi Sil 233)/ carbon black
and silica/ground quartz (Neo Novacite)/carbon black in conjunction with a
silane coupling agent (Al89) were also evaluated for resistance to heat build-
up and hf t resistance in general, Silica-reinforced SBR tire tread stocks were
reported = to have superior resistance to cutting, chipping, and tear over
carbon black reinforced stocks, and silica/ground quartz reinforcement provided12 -

11 Letter report from PPG Industries, Inc., date 6 June 1972,
12 Bergstrom, E.W,, '""Additives for Improving Heat Stability of Silicone Vul-

canizates," Rock Island Arsenal Laboratory Technical Report 61-3505, 26 September
1961.
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exccllent heat resistaice to silicone vulcanizates., The resulty of this

evaiuation are given in Table 7 in comparison with the Research Directorate
conirol cowpound (S152-1), and show the following:

1. The Hi Sil 233/Neo Novacite/Statex 160 reinforced vulcanizates
containing the Al89 silane coupling agent (5152-170 and S152-171)
exhibited significantly improved resistance-to-heat buildup over
that of the S152-1 control compound, but had poorer tear resis.:nce
at ambient temperature and at 2500F,

2. The Hi Sil 233/Statex 160 reinforced vulcanizates, with or
without the Al89 silane coupling agent (S152-166, S152-167 and
§152-168), had somewhat better tear resistance at ambient temp=
erature than the S152~1 control compound, but had poorer or
equivalent resistance to heat buildup.

3. The effectiveness of the Al39 silane coupling agent is

evident in all cases in which it was used, as shown by an increase
in ambient tensile strength and moduli, and a decrease in ultimate
elongation as the quantity of Al89 was increased from zero to 1.0
part/100 rhe.

4, The physical properties of the Hi Sil 233/Statex 160 reinforced
vulcanizates (with or without A189) and the Hi Sil 233/Neo Novacite/
Statex 160 reinforced vulcanizates (with or without Al89) measured

at ambient temperature and at 300°F, and after 70 hours of aging at
212°F are in general poorer than those of the S152-1 control compound.
The properties of S152-168 come close to equaling those of the control.

Because of the oil shortage, the availability of synthetic rubbers
(especially those based on styrene, butadiene, and chloroprene) began to de-
crease significantly during the winter months of 1973-1974. The December 1973
issic of Rubber Age carried the statement that the ready availability of
natural rubber (pale crepe and smoked sheet) might tend to diminish the
prot. lem of synthetic rubber shortages. For this reason, Rodman Laboratory
bega1 to evaluate the properties of vulcanizates prepared from blends of natural
rubt 2r with elastomers that had provided pads with significant resistance to
tread wear in various service tests. Stereon 750, alfin catalyzed copolymers
of cutadiene/styrene and butadiene/isoprene (HYTRANS rubbers), and an SBR/
Cis-4 polybutadiene blend were included. The effect of blending natural
ruober with SBR 1500 in the Research Directorate control formulation (S152-1)
was also studied. The results are given in Tables 8-12 and exhibit the follow-
ing ifindings:

1. SBR 1500/Pale Crc.c Blends

a. The resistance to tear at both ambient and elevated temperatures,
and the resistance to abrasion and crack growth improved dramatically
when the ratio of SBR 1500/pale crepe changed from 60/40 to 40/60.

6




0. Stress-strain properties measured at ambient temperature were

not affected as increasing amounts of pale crepe were blended with
the SBR 1500. However, the retention of properties measured at
300°F and 400°F improved significantly (on the basis of tensile and
elongation retention at 300°F, and retention of elongation at 400°F)
as the ratio of SBR 1500/pale crepe changed from 60/40 to 40/60.

c. The flexibility, as measured by ASTM D1043, was better at lower
temperatures for the SBR 1500/pale crepe blended vulcanizates than
for the vulcanizate prepared from SBR 1500 alone.

2. Stereon 750/Pale Crepe Blends

a. Resistance to tear at both awbient and elevated temperatures
improved linearly as increasing amounts of pale crepe were used in
Stereon 750/pale crepe blends.

b. Abrasion resistance was adversely affected, but resistance to
crack growth was significantly improved when the ratio of Stereon
750/pale crepe changed from 82.5/40 to 55/60.

c. A significant increase occurred in moduli measured at awbient
¥ and elevated temperatures as the amount of pale crepe in the Stereon
750/pale crepe blends increased.

’ d. The low temperature stiffness was poorer for the blended vul-
canizates than for vulcanizates prepared from Steron 750 only.

3. HYTRANS ‘Butadiene[Stxrene txge)[Pale Crepe Blends

a. Resistance to tear at ambient temperature improved significantly
as the HYTRANS/pale crepe ratio changed from 82.5/40 to 55/60.
Except for the 27.5/80 HYTRANS/pale crepe blend, resistance to tear
at elevated temperatures for the other blends was not significantly
different from that of the vulcanizate prepared from HYTRANS only.

b. Resistance to abrasion was significantly better for the blended

i vulcanizates than for the vulcanizate prepared from HYTRANS only,
but no improvement in resistance to crack growth was noted until the
pale crepe portion of the blend was increased from 60 to 80 parts.

c. The moduli measured at ambient and elevated temperatures were
significantly higher for the blended vulcanizates than for those
of the vulcanizate prepared from HYTRANS only. ;

d. Resistance to low temperature stiffness was somewhat better for
: the blended vulcanizates than for the vulcanizate prepared from HYTRANS
4 alone when Tynq values were measured by ASTM D1043.

7
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4, HYTRANS (Butadiene/Isoprene Type)/Pale Crepe Blends

a. Resistance to tear at ambient and elevated temperaztures improved
linearly as increasing amounts of pale crepe were used in the HYTRANS/
pale crepe blends,

b. Resistance to abrasion and crack growth, and resistance to stiff-
ness at low temperature were adversely affected when pale crepe was
blended with HYTRANS.

c. Moduli, especially those measured at ambient temperature and at
300°F, increased significantly as increasing amounts of pale crepe
were used in the HYTRANS/pale crepe blends.

5. Philprene 1609/Cis=4 1350/Pale Crepe Blends

(As noted in Table 12, supplemental amounts of carbon black, Statex
160, were added to the pale crepe blended vulcanizates as the amount
of the master batch carbon black contained in the Philprene 1609

and Cis=4 1350 decreased.)

a. Tear resistance at ambient temperature and resistance to crack
growth improved dramatically when the ratio of Philprene 1609/Cis-
4 1350/pale crepe changed from 60.9/38.7/40 to 40.6/25.8/60. Tear
rcesistance measured at elevated temperatures increased linearly as
the amount of pale crepe in the blends increased.

b. The abrasion resistance was somewhat better for the pale crepe
blended vulcanizates than for the vulcanizate prepared from a blend
o’ only Philprene 1609 and Cis-4 1350.

¢. Resistance to low temperature stiffness was not significantly

a 'fected by the addition of pale crepe., When pale crepe was blended
with SBR 1500, Stereon 750, HYTRANS (Butadiene/Styrene Type), and
HYTRANS (Buradiene/Isoprene Type), the ozone resistance was adversely
affected, as is shown in Tables 8,9,10, and 11. This can be remedied
by use of increased amounts of antiozonant.

Becaise of the success achieved in the improvement of certain properties
of :BR 1500, Stereon 750, HYTRANS or SBR/polybutadiene when ti :se elastomers
werc blended with natural rubber (pale crepe), a study was made to determine
the effect of the blending of these same elastomers with a synthetic natural
rubver, Aneripol SN 600. Since the most dramatic improvement in most prop-
erties occurred in elastomer ratios containing 60 parts of pale crepe, these
sam¢ blend ratios were chosen for evaluation with the Ameripol SN 600, The
results given in Table 13 show that in general the effect on physical properties
of the blanding of Ameripol SN 600 with the various elastomers was the same
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as tne effect of the pale crepe vhen blended with the same elastomers
(Tables ¥-12). Thus, either natural rubber (pale crepe) or synthetic
natural rubber (Ameripol SN 600) could be used interchangeably to
significantly improve resistance to tear or abrasion.

Because EPDM vulcanizates are inherently ozone resistant and have
excvllent age resistance, even at temperatures as high as 2500F, these
vulcanizates were considered as choices for use in track pads. However,
the EPDM vulcanizates were only as abrasion resistant as the SBR vulcani-
zates, and experimental track pads prepared from EPDM exhibited no improve-
ment in wear resistance over SBR in service tests. Numerous means of
improving the abrasion resistance of a fast-curing EPDM (EP syn 55) were
evaluated without success during FY 1973.10 Because of the significant
improvement in abrasion resistance imparted to SBR 1500, HYTRANS (butadiene/
styrene type), and SBR/polybutadiene when blended with pale crepe, blends
~f i'PDM/pale crepe were evaluated. These results are given in Table 14
and show that a 40/60 EP syn 55/pale crepe blend (E59-14) has significantly
imp -oved abrasion resistance when compared to the EP syn 55 control com-
pou:d (E59). The addition of pale crepe to EP syn 55 also improved
resistance to crack growth (DeMattia tester) and low temperature flexibility
(ASTM D1043). Tear resistance, especially at ambient temperature, was
not improved. The addition of Dyphos and Rio Resin to the 40/60 EP syn
55/pale crepe blended vulcanizate did not improve tear resistance. The
use of these additives, known to improve the tear resistance of SBR 1500
and 3BR/polybutadiene vulcanizates, also had an adverse affect on abrasion
res_stance, Because of the significant improvement in resistance to ab-
rasion and crack growth afforded EPDM when blended with pale crepe, further
attcmpts to improve the tear resistance of this blend would be worthwhile.

In an articleld appearing in the May 1973 issue of Rubber Age, the intro-
duction to the rubber market of a new high Mooney flame retardant SBR was
des( ribed by the B.F. Goodrich Chemical Company. The results of the
evaiuation of this new elastomer, Ameripol 4713, are given in Table 15 in
comparison with the Research Directorate control compound (S152-1i). The
vulcanizate prepared from Ameripol 4713 (S252) exhibited significantly
improved resistance to both abrasion and tear at elevated temperatures when
compared vith compound S152-1, but exhibited poorer resistance to crack
groth. Because of the poor resistance to crack growth, the conclusion was

10 Bergstrom, 1bid
13 Shah, A.K., Hallman, R.,W. and Sarbach, D.V,, "Flane Retardant SBR,"
Rubber Age, Vol. 105, No. 5, May 1973, pp. 37-42,
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that this compound would be unsuitable for rubber track pads. This
Laboratory has since learned that Goodrich has withdrawn this elastomer
i from the market,

At the request of the U.S. Army Tank-Automotive Coumand (TACMM),
Warrea, Michigan, work was done on blends of Stereon 750 and HYTRANS (both
SBR and butadiene/isoprene types) with a fast-curing EPDM (EP syn 55) and
browinated butyl (Polysar Bromobutyl X2). The effect on the blends of an
SAF vs. an FEF black, and blends of the two blacks was also studied.
Thes: results are given in Tables 16~-15. Since the Stereon 750 and HYTRANS
elas:omers contain 37.5 parts oil, appropriate amounts of the same type of
0oil vere added to the blends so that the parts 0il/100 rhe in all compounds
would remain the same. Generally, from the results,the conclusion follows
that neitner the use of blends nor the use of FEF black or FEF/SAF black
in place of all SAF black provided significant improvement to the originally
developed base compounds (S227-2, S$223~4 and B33=4) in the combination of
properties essential to provide imprsved wear-resistant compounds, namely,
resistance to abrasion, tear, and crack growth. In no case were all three
essetial properties improved. Resistance to crack growth was generally
pett:r for those compounds in which FEF black only was used, but the tear {
and abrasion resistance of these compounds was much poorer than the origin-
ally developed base compound prepared from Stereon 750 or HYIRANS only, and
in waich only SAF black was used. Resistance to tear at ambient and el-
evated temperatures, and abrasion resistance of all the experimental com-
pounds was equivalent or, in most cases, much poorer than that found for
the nase compounds. Original tensile strengths were also poorer for all the
v experimental compounds than for the base compounds. None of the experimental
compounds were considered suitable choices for track pad evaluation.

———
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During FY1975, a new class of reinforcing fibers was introduced to the

market by Monsanto Industrial Chemicals Company.14 These reinforcing agents

are unregenerated cellulose fibers coated wich a proprietary polymeric agent

for setter bonding of the fiber to the rubber and have the trade name '"Santoweb'.

Thre : grades of the Santoweb fibers are marketed., TI\>y are Santoweb D for

’ high:.y unsaturated polymers such as SBR, natural rubber, polyisoprene, poly-
butadiene and neoprene; Santoweb H for EPDM, butyl, and other low unsaturated
polyiers; and Santoweb K for such highly polar polymers as nitriles and

| uretaanes. Santoweb D was evaluated at 5 and 15 parts/100 rhc in compounds

) base | on SBR 1500 (Research Directorate control compound) (S152-1), an SBR |

' 1500 /pale crepe blend (A50-3), Stereon 750 (S227-2), Philprene 1609/Cis-4 4

1351 (S212-2), HYTRANS (SBR type) (S223-4), and HYTRANS (butadiene/isoprene

; type) (B33-4). Resimene 3520, a modifier recommended by Monsanto for use in

conjinction with the Santoweb fibers to enhance rubber-to-fiber bonding, was

used at a concentration of 1 part/100 rhe. The results, given in Tables 19-

24, show the following:

14 Brustany, K., and Hamed, P., "The Effect of Santoweb Fibers on the Tensile
Moduius Properties of Natural and Synthetic Rubber." Paper presented at a
mest ing of the Philadelphia Rubber Group, September 1974,
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2.

3.

5.

4,

SBR 1500 (Research Directorate CoalLrol Compound)

a. The addition of Santoweb D had an adverse effect on abrasion
resistance, resistance to crack growth, ozone resistance, and
ambient tensile strength.

b, Tear resistance at ambient temperature was significantly im-
proved by the addition of Santoweb D, but tear resistarce at
250°F was not significantly affected.

SBR 1500/Pale Crepe Blend

a. Resistance to abrasion, crack growth, and ozone were adversely
affected by the addition of Santoweb D. Ambient tensile strength
was adversely affected only when 15 parts/100 rhc Santoweb D were
employed.

b. Tear resistance at ambient temperature was significantly im-
proved by the addition of Santoweb D, but resistance to tear at
250°F was not significantly affected.

Stereon 750
a. The addition of Santoweb D had an adverse effect on resistance
to crack growth and ozone. Ambient tensile strength was adversely
affected only when Santoweb D was used at the 15-part level.
b. Resistance to tear at ambient was significantly improved by the
addition of Santoweb D, but tear resistance at 250°F was not sig-
nificantly affected.

c. Abrasion resistance was significantly improved by the additon of
Santoweb D, particularly at the 5-part level.

Philprene 1609/Cis=-4 1351 Blend

a. Resistance to abrasion and crack growth and tensile strength
at ambient were adversely affected by the addition of Santoweb D,

b, Tear resistance at both ambient and elevated temperatures was
significantly improved by the additioa of Santoweb D.

HYTRANS (SBR type)

a. The addition of Santoweb D had an adverse effect on abrasion
resistance, ambient tensile strength, and ozone resistance.
Resistance to crack growth was adversely affected only when Santo-
web D was used at the 15-part level,

b. Tear resistance at ambient was slightly improved by the addition
11




st
g

of Santoweb D, but tear resistance at 250°F was adversely affected.

6. HYTRANS (Butadiene/Isoprene Type)

a. Resistance to abrasion, crack growth and ozone, as well as

tensile strength at ambient, were adversely affected by the addition
of Santoweb D.

b. Tear resistance at ambient was somewhat improved by the addition
of Santoweb D, but tear resistance at 250°F was slightly poorer for
thie compounds containing Santoweb D,

Because of the adverse effect of Santowed D on the resistance to ab-
rasion and/or crack growth, nona of the compounds in which Santoweb D was

used (Tables 19-24) are considered suitable choices for track pad service
testing.

Arrangements were made through TACOM to test Research Directorate ex-
periiiental T142 track pads in a service test performed at Yuma Proving Ground,
Yuma, Arizona, during June through September 1975. Experimental pads selected
and prepared for this test were based on the following compounds:

Research Directorate SBR 1500 control compound (S152-1),

SBR 1500/Pale Crepe Blend (A50-3).

Stereon 750 (S5227-2).

Stereon 750/Pale Crepe Blend (A51).

HYTRANS 1697-259-1 (SBR Type) (S223-4).

HYTRANS 1697-259-1/Pale Crepe Blend (A52).

Philprene 1609/Cis-4 1351 Blend (S212-2).

Philprene 1609/Cis<4 1351/Pale Crepe Blend (AS54).

Stereon 750 (Reinforced with carbon and mineral fillers and

containing a silane coupling agent) (S227-21).

10. SBR 1500 (Contains Dyphos for improving retention of tear
strength at 250°F) (S152-160).

11. Philprene 1609/Cis-4 1351 Blend (Contains Dyphos for improving
retention of tear strength at 250°F (S212-7).

oxx~NoOUVHsWN -
5 .

Physical properties determined on the Banbury mixed batches of these
compounds are given in Table 25,

In addition to the Tl42 pads prepared from the compounds listed above,
expe; imental pads naving a more rounded contour than the conventional T142
pad (Figure 3) were also prepared for service testing. In previous service
tests, the initiation of cracking and chipping was attributed to the sharp
edges of the conveational Tl42 pads, and the theory was that "rounding off"
thesc edges might. reduce the shearing action on the edges and, thereby, result
in pads having improved wear resistance. Pads having the rounded contour were

12
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prepared trom SBR 1500 (Research Directorate Control Compound) (5152-1)
and Stereon 750 (S227-2) by grinding off the corners of conventional T142
pads using a rubber grinding wheel. The rounded pads were then coated with

oue coat of a conventional tire dressing to duplicate the mold skin of the
conventional pads.

Results of the sarvice test at Yuma are given in Table 26. Tests were
conducted for 500 miles on paved track using an M60Al vehicle having a total
weight of 107,000 pounds. These results show the following:

1. With the exception of Compound $227-21, experimental pads based
on Stereon 750, HYTRANS (SBR Type), and Philprene 1609/Cis-4 1351

exhibited significantly improved wear resistance when compared with
the commercial controls.

2. The addition of pale crepe to Stereon 750 and Philprene 1609/
Cis-4 1351 significantly improved the wear resistance of pads pased

on these elastomers. The addition of pale crepe did not significantly
affect the wear resistance of pads based on SBR 1500 or HYTRANS (SBR
Type); however, significant improvement may nave become evident if

the pads had been run on graveland cross-country courses,

3. The rounded contour pads based on SBR 1500 and Stereon 750 did
not exhibit significantly improved wear resistance over that of the
conventionally styled pad.

4. The addition of Dyphos did not improve the wear resistance of
pads based on SBR 1500 or Philprene 1609/Cis-4 1351, and pads based

on carbon black-mineral filled Stereon 750 exhibited very poor wear
resistance.

All research efforts on the development of rubber compounds for use in
tank track pads have been concluded by the Research Directorate at this
Arsecnal. A summary of all work accomplished by this Laboratory cn the problem 3
over the past thirteen years is given in the appendix. A

CONCLUSIONS:

Although resistance to heat buildup through the use of wire cloth may be
iuproved in some cases, the use of wire cloth in track pads is not feasible
pecause of the chunking and delamination that occur under dynamic couditions.

Certain heat stabilizers provided a significant reduction in heat build-
up to various vulcanizates whi.e others provided a significant improvement
in tear resistance at 250°F. Dythal (dibasic lead phthalate) and cadmium
oxide provided a significant reduction in heat buildup to SBR 1500, Stereon

13
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750, HYTRANS (SBR Type), and a Philprene 1609/Cis-4 1350 blend. Dyphos
(dibasic lead phosphite) and Al89 (a silane coupling agent) provided a sig-
nificant improvement in tear resistance at 250°F to SBR 1500 and a Philprene
1609/Cis-4 1350 blend. None of the heat stabilizers significantly improved
the retention of physical properties measured at 300°F or after aging 70
hours at 212°F.

Blending of pale crepe with SBR 1500, Stereon 750, HYTRANS or SBR/poly-
butadiene improved the resistance to abrasion, tear, and crack growth in
most cases. Significant improveuent was generally noted when the pale crepe
portion of the blend was 60 parts. The effect on various physical properties
whe1 a synthetic natural rubber (Ameripol SN600) was blended with SBR 1500,
Stereon 750, HYTRANS or SBR/polybutadiene was the same as that found when
natural rubber (pale crepe) was blended with the same elastomers. Therefore,
either natural rubber (pale crepe) or synthetic natural rubber (Ameripol SN
600) can be used interchangeably in those formulations to improve tear, ab-
rasion or crack growth,

In an attempt to improve the abrasion resistance of a fast curing
EPDM, various EPDM/pale crepe blends were evaluated. A 40/60 EPDii/pale
crepe blend was found to have significantly improved resistance to abrasion
and crack growth when compared to a vulcanizate prepared from EPDM only;
but the tear resistance of the blend was adversely affected.

The effect of blending Stereon 750 or HYTRANS elastomers with a fast-
curing EPDM and brominated butyl-was investigated. The effect of an SAF
vs. an FEF black, and blends of the two blacks or the blended vulcanizates
was also studied. Neither the use of varinus elastomeric blends nor the
use of FEF black or FEF/SAF black in place of all SAF black was found to
provide any significant improvement in the originally developed Stereon 750
and HYTRANS base compounds as far as resistance to abrasion, tear, and crack
growth was concerned.

Santoweb D fibers, unregenerated cellulose fibers coated with a pro-
prietary polymeric agent for better bonding of the fibers to rubber, were
evaluated in SBR 1500, SBR 1500/Pale Crepe, Stereon 750, HYTRANS and SBR/
polybutadiene vulcanizates. The Santoweb D fibers had an adverse effect
on the resistance to crack growth of all the vulcanizates.

. Several experimental compounds, particularly those based on blends of
the most wear-resistant elastomers found previously with pale crepe, were
considered suitable choices for providing rubber track pads with improved
wear resistance. Experimental Tl42 pads were prepared from these compounds
and were service-tested at Yuna Proving Ground. Experimental T142 pads,
having a more rounded contour than the conventional T142 pads, were also
prepared for service testing at Yuma. Pads based on Stereon 750, HYTRANS
(SBR Type), and Philprene 1609/Cis-4 1351 exhibited significantly improved
wear resistance when compared with commercial controls. The addition of
palc crepe to Stereon 750 and Philprene 1609/Cis-4 1351 significantly im-
proved the wear resistance of pads based on these elastomers. The roundel
contour pad did not exhibit significantly improved wear resistance over that
of the conventionally styled pad.

14
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This Laboratory believes that the combination of shearing force and
ground pressure placed on the rubber track pads, because of the weight of the
M60-series tank (100,000 pounds or more), may exceed the capabilities of
currently available elastomers to significantly resist such forces under
dynamic (vehicle-moving) conditions. Possibly, because of the vehicle
weight factor, a 5000-mile T142 rubber track pad may never be a reality,
no matter how designed, but a T142 pad having a life of 3500 miles can now
be obtained with compounds based on those elastomers described herein.

RECOMMENDATIONS :

Scale-up to production levels (in pilot lot quantities) should ope
continued by TACOM on all experimental compositions which exhibit significant
improvement in wear resistance in service tests,

Any new low-cost general purpose elastomer introduced commercially
that might be expected to produce more wear-resistant track pads should be
evaluated to advance the state of the art of track ped technology.

ACKNOWLEDGEMENT :

The assistance of Mr. James Ruby of the Research Directorate in the
Banoury mixing of the numerous experimental compounds required for track pad
preparation is very much appreciaced.

The cooperation of Mr. C. Dale Maas, SARRI-PF, Rock Island Arsenal, in
granting permission to use this Arsenal's rubber production facilities is
also appreciated. The availability of the shop size Banbury mixer and roll
mills greatly reduced the time and effort required to mix the large batches
of rubber needed in the preparation of the experimental track pads.

15




14.

LITERATURE CITED

Veroeven, W.M., "Synthesis and Evaluation of Polyurethane Elastomers,"
Rock Island Arsenal Laboratory Technical Report 63-1242, 17 April 1963.

Veroeven, W.,M., and McGarvey, J.W,, "Polyurcthane Elastomers for Track
Pad Applications," Rock Island Arsenal Laboratory Technical Report
63-2900, 10 September 1963,

McGarvey, J.W., and Veroeven, W.M., "The Development of Elastomeric
Vulcanizates for Track Pad Applications," Rock Island Arsenal Labora-
tory Technical Report 64-267¢, 10 September 1964.

Veroeven, W,M. and McGarvey, J.W.,, '"Polyurethane Vulcanizates for Track
Pad Application,'" Rock Island Arsenal Laboratory Technical Report 64~
3579, 21 December 1964.

McGarvey, J.W., and Cerny, J.R., '"Development and Service Testing of
Rubber Track Pads,” Rock Island Arsenal R&E Division Technical Report
06-2517, August 1966.

Bergstrom, E.W., and Cerny, J.R., ''Development of Rubber Pads for Tracked
Vehicles," Science and Technology Laboratory Technical Report RE TR
70-121, February 1970.

Bergstrom, E.W., and Cerny, J.R., '"Rubber Pads for Tank Track,"
Research Direc.orate Technical Report RE TR 71=-13, July 1971.

Bergstrom, E.W., "Prediction of Wear Resistance of Rubber Track Pads
vy Standard Laboratory Tests,' Research Directorate Technical Report
RE TR 71-43, July 1971.

Bergstrom, E.W,, '"Development of Wear-Resistant Elastomexs for Track
Pads,'" Research Directorate Technical Rcport SWERR-TR 72-44, October
1972,

Bergstrom, E.W,, '"Material Development for Improved Rubber Track Pads,"
Research Directorate Technica&l Report R-TR-74-021, April 1974.

Letter report from PPG Industries, Inc., dated 6 June 1972,

Bergstrom, E.W., "Additives for Improving Heat Stability of Silicone
Vulcanizates," Rock Island Arsenal Laboratory Technical Report 6l1-
3505, 26 September 196].

Shah, A.K., Hallman, R.W., and Sarbach, D.V., "Flame Retardant SBR,"
Rubber Age, Vol. 105, No. 5, May 1973, pp. 37-42,

Boustany, K., and Hamed, P., "The Effect of Santoweb Fibers on the
Tensile Modulus Properties of Natural and Synthetic Rubber," Paper
presented at a meeting of the Philadelphia Rubber Group, September 1974,

16




" o f ’! - -
T o e
- -:.',AJ;":MZ"- L !5"‘
Ly e e, T =

aic. s
]
3 . 4
. *

Wire Cloth Reinforced T142 irack Pads After
384-Mile Service Test at Yuma Proving Ground

Figure 1
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Conventional T142 Track Pad

T142 Track Pad with Rounded Contour

Couventional vs. Experimental T142 Track Pad

Figure 3
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Physical Properties

Tested at Ambient:

Tensile, psi

Modulus @100% Elongation, psi
Modulus @00% Elongation, psi
Modulus @300% Elongation, psi
Ultimate Elongation, %
Hardness, Shore A

Tested at 300°F:

Tensile, psi

Modulus @100% Elongation, psi
Modulus ©200% Elongation, psi
Modulus @300% Elongation, psi
Ultimate Elongation, %

Tested at LOO°F:

Tensile, psi

Modulus @100% Elongetion, psi
Modulus @00% Elongation, psi
Modulus @300% Elongation, psi
Ultimate Elongation, %

Tear, Die C, ambient, pi
Tear, Die C, at 250JF, pi
Tear, Die C, at 300 F, pi

ASTM D1043, T200, °F

Abrasion Resistance Du Pont
Abraier Volume, Loss after 25
min., cc, (% of reference
compound S5152-1)

Crack Growth, De Mattia Tester,
50,000 cycles, 32nds of an inch

Time to first crack, 50 5 ppim
Ozone @100% 2 F, 30 days,
Bent loop Specimen

Specific Gravity

TABIE 15
EVALUATION OF AMERIPOL 4713 FOR POTENTIAL TRACK PAD USE

S152-1
SBR 1500
4iko

310
960
2020
480
65
770 (-81)
310 (0)
760 (-21)
210 (-56)
L20 §-9o)
260 (-16)
150 (-69)
215
130
80
=35
1.0481 (100)

Cracked across
50,000 cycles

Crack
Free

p 1.13

5252

Ameripol 4713

3225
375

955
1880

460
68

810 (-75)
265 (-29)
720 (-25)
280 (-39)
410 $-87)
410 (49)

100 (-78)
200
180
165
-27

.2637 (397)

Crackad across
110,000 cycles

Crack
Free

1.22
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+ 5152-186

Santoweb D-5

‘5152-187

Santoweb D-15

3400
650
1300
2450
k1o
80

750(-78)
450(-31)

i%O(-59)

2ko

TABLE 19
EVALUATION OF SANTOWEB D IN SBR 1500
' 8152-1
Physical Properties Santoweb D-0.
Tested at Ambient:
Tensile, psi 4355
Modulus ®100% Elopgation, psi 420
Modulus @00% Elongation, psi 1000
Modulus @300% Elongation, psi 2105
Ultimatc Elongation, % 510
Hardnes:, Shore A 69
Tested at 300°F:
Tensile, psi 1090(-75)*
Modulus 2100% Elongation, psi 310(-26)
Modulus @200% Elongation, psi 780(-22)
Modulus @300% Elongation, psi --
Ultimetc Elongation, % 270(-47)
Tear, Die C, ambient, pi 225
Tear, Die C, at 250°F, pi 115

Crack Growth, DeMattia
Tester; 50,000 cycles, 22
32nds of an inch

ASTM D103, T200, °F -ky
Abrasion Resistance, Du Pont 0.925
Avrader, Vol. Loss after 25 mins., (100)
cc, (% or reference compound S152-1)

Time to Fixsg crack, 50:5 pphm Creck
Ozone @1)Y0-2°F, 30 days Free

Bent Loo» Specimen

Sp. Gravity 1.15

*Vu ues in parentheses are percent change from original values

105
Cracked
Across
20,000

-38

1.080
(86)

< 1 Day

1.16

2870
720
1130
1925
400
86

550(-81)
Lo5(-41)

130(-58)

265
105

Cracked
Across
20,000

€ 1 Duy

1.16
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TABLE 20
| EVALUATION OF SANTOWEB D IN SBR 1500/PALE CREPE BLEND

A50-3 A50-T A50-8

Physical Properties Santoweb D-0 Santoweb D=5 Santoweb D-15
Tested at Ambient:
Tensile, psi 3530 3430 2480
Modulus @100% Elongation, psi 355 520 790
Modulus @00% Elongation, psi 9€0 1040 1265
Modulus @300% Elongation, psi 1820 1920 1920
Ultimate Elongation, % 510 490 370
Hardness, Shore A 66 76 82
Tested at 300°F:
Tensile, psi 1100(-69)* 1165(-663 780(-69)
Modulus @100% Elongation, psi 300(-15) 355(-32 415(-47)
Modulus @00% Elongation, psi 650(-32) 610(-41) 625(-51)
Modulus @300% Elongation, psi 1050(-L42) 960&-50) --
Ultimate Elongation, % 320(-37) 350(-29) 250(-32)
Tear, Die C, ambient, pi 205 - 25 315
Tear, Die C, at 2500F, pi 190 190 185

i

!
Crack Growth, DeMattia Cracked
Tester; 50,000 cycles, 15 20 Across
32nds of an inch 40,000
AST™ D1043, T200, °F -55 -53 -L8
2lbrasion Resistance, Du Pont 0.091 1.243 1.227
Abrader, Vol. Loss after 25 min., (100) (8) (N
cc, ($ of reference compound A50-3)
Time to first crack, SOiS pphm Crack < 1 Day <« 1 Day
Ozone @100-2°F, 30 days, Free

| Bent Loop Specimen

;’ Sp. Cravity 1.13 1.1h 1.1k

#Values in parentheses are percent change from original value
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TABLE 21
EVALUATION OF SANTOWEB D IN STEREON 750

S227-2 S5227-30 S5227~31
Physical Properties Santoweb D-0 Sangggéb D-5 Sanzgsgb D-15
Tested at Ambient:
Tensile, psi 28lo 2820 2280
Modulus @100% Elongation, psi 255 360 Los5
Modulus @00% Elongation, psi Lhs 565 555
Modulus @300% Elongation, psi 890 1075 910
Ultimate Elongation, % 570 570 570
Hardness, Shore A 57 67 T2
Tested at 300CF: _
Tensile, psi 910(-68)* 9ko(-67) 675(-71)
Modulus @100% Elongation, psi 205(-20) 255(-29) 210(-u48)
Modulus @00% Elongation, psi 355(-20) L10(-27) 365(-34)
Modulus @300% Elongation, psi 595(-33) 665(-38) 515(-43)
Ultimate Elongation, % 420(-26) 390(-32) 400(-30)
Tear, Die C, ambiernt, pi - 215 225 265
Tear, Die C, at 2500F, pi 170 160 160
Crack Growth, DeMattia Cracked
Tester; 50,000 cycles 19 Across 29
32nds of an inch 40,000
ASTM D1043 -65 -61 =59
Avrasion Resistance, Du Pont 0.157 0.110 0.141
Abrader, Vol. loss after 25 min., (100) (143) (111)
ce, (% of reference compound S227-2)
Time to figst crack, SOtS pphm Crack < 1 Day < 1 Dey
Ozone @100-2°F, 30 days, Free
Bent Loop Specimen-
Sp. Gravity 1.14 1.15 1.15

*Vulues in parentheses are percent change from original values
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Table 22
EVALUATION OF SANTOWEB D IN PHILPRENE 1609/CIS-4 1351 BLEND

§212-2 $212-18 5212-19
Physical Properties ' Santoweb D-0 Santoweb D-5 Santoweb D-15
Tested at Ambient:
Tensile, psi 2630 2160 2000
Modulus @100% Elongation, psi 210 325 370
Modulus @00% Elongation, psi 525 485 525
Modulus @300% Elongation, psi 945 8ko 790
Ultimate Elongation, % 580 580 600
Hardness, Shore A 56 67 T
Tested at 300°F:
Tensile, psi 905( -66)* 8655-59) -~ 795(-60)
Modulus @100% Elongation, psi 215(+2) £05(-37) 24o(-35)
Modulus @200% Elongation, psi 475(-10) 380(-22) Lio(-22)
Modulus @300% Elongation, psi 830(-12) 685{-18) 585(-26)
Ultimate Elongation, % 320(-45) 360(-38) 370(-29)
Tear, Dic C, ambient, pi 225 235 265
Tear, Dic C, at 250°, pi 135 170 170
Crack Growth, DeMattia Tester, 13 16 -
50,000 cycles, 32nds of an inch
ASTM D10%43, T200, OF -60 -62 -57
Abrasion Resistance, Du Pont 0.370 1.038 1.221
Abrader, Vol. Loss after 25 min., (100) (36) (30)
ce, (% of reference compound S212-2)
Time to firit crack, 5015 pphn Crack Crack Crack
Ozone @ 100-2°F, 30 days, Free Free Free
Bent Loop Specimen

*Values in parentheses are percent change from original values
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TABLE 23
EVALUATION OF SANTOWEB D IN HYTRANS (SBR TYPE)
S223-4 5223-37 5223-38

Physical Properties Santoweb D-0 Santoweb D-5 Santoweb D-15

Tested at Ambient:

Tensile, psi 2925 2785 2L4o

Modulus @100% Elongation, psi 205 255 365

Modulus @00% Elongation, psi 355 355 520

Modulus @3)0% Elongation, psi 780 760 935

Ultimate Elongation, % 660 690 570

Hardnese, Shore A 57 62 712

Tested at 300°F:

Tensile, psi 1000(-66)* 925(-67) 776(-68)

Modulus @100% Elongation, psi 150%-27) 155(-39) 255(-30)
| Modulus @200% Elongation, psi 3U45 -593 310(-13) k1o(-21)
| Modulus @300% Elongation, psi 545 (-30 L60(-39) 565(-40)
| Ultimate Elongation, % L4o(-33) 500(-28) 400(-30)

Tear, Diec C, ambient, pi 215 235 240

Tear, Die C, at 2509F, pi 205 155 . 155

Crack Growth, DeMattia
Tester; 50,000 cycles, 9 9 16
32nds of an inch

AS™ D1043, T200, °F -33 -37 =34
Abrasion Resistance, Du Pont 0.162 0.275 1.126
Abrader, Vol. Loss after 25 min., (100) (59) (1k)

ce, (% of reference compound S223-k)

Time to first crack, 5015 pphm Crack < 2 Hours « 2 Hours
Ozone @ 10022°F, 30 days, Free

Bent loop Specimen

Sp. Gravity 1.15 1.16 1.16

#Value: in parentheses are percent change from original values
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TABLE o)
EVALUATION OF SANTOWER D 1IN HYTrans (BUTADIENE/ISOPRENE TYPE)
B33-4 B33-1 B33-16

Ten i1 i 3210 2500 2050
odulyg @ longation, psi 200 300 310
odulysg % ongation, psi hgs k5o 460
Odulys 3 % Ongat 4 N, psi 990 900 720
Ult imgt, Elom?ation, % 620 590 540
8¢, Shore 4 58 64 T4
Tested at 300°F,
Tensue, psi 1015(-68) * 830(-67) 690(-66)
Mody 1ys @1004 Elongation, psi 205(+3) 205 ( -32) a55( -18)
Mody1yg 2200% Elongation, psi 1405(-18) hos(-lo) 395(-14)
Mcduiyg @3004 Elongation, psi 660( -33) 585( -35) 515( -28)
Ultimate Elongation, % 390(-37) h2o( -29) 1400(-26)
Tear, p,, G; @mbient pi 215 230 245
Tear, py.. C, at 2509, " py 205 190 185
Cracy Growth, DeMattyq 15 2l 24
estey. 50,000 cy les,
32ngds of g Inc
ASTY Dioys, T200, op ' -62 ~63 -60
Abrasy, Resistance, Du popt 0.078 0.089 0.465
Abra.der, Vo1, Loss after o5 min, (100) (88) (15)
ce, (% of reference Compoung B33-4)
Time to t‘ir§t Crack, 501'5 Pphny Crack <2 Hoursg 2 Houprg
Ozone @ 1002205 30 da s, ee
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TABLE 26

RESULTS OF 500-MILE T142 TRACK PAD TEST AT
YUMA PROVING GROUND ON PAVED TRACK

Durability or
Co.ipouad Description Voluine iear Ratia:
5152-1 Researcii Directorate SBR 1500 Coutrol 99
Cotipound
5152-1 Research Directorate 5BR 1500 Coutrol 91
Compound (Rounded contour)
A50-3 SBR 1500/Pale Crepe Blead 9
$152-160 SBR 1500 (Dyphos additive) =7
5227-2 Stereon 750 135
5227-2 Stereoa 750 (Rouaded coatour) 139
451 Stereon 750/Pale Crepe Blend 140
5227-21 Stereon 750 (Reiaforced wita carvon 79
and mineral fillers =~ silane coupling agent)
5223-4 HYTRAIG 1697-259~1 (SBR T:pe) 147
452 HYTRANS 10697-259-1/Pale Crepe Blend 150
$212-2 Philprene 1009/Cis-4 1351 Bleud 150
A54 Philprene 1609/Cis~4 1351/Pale Crepe 131
Blend
5212-7 Pailprene 1609/Cis-# 1351 Blead (Dyphos 122
additive)
.- Comuercial Control (Average of pads iroa 100

three ..anuiacturers)

Note: The larger the volume wear rating figure, the
better the wear resistance
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APPENDIX

Summary of Work performed by the Research Directorate, General Thomas J.
Rodman Laboratory, Rock Island Arsenal, to Improve the Wear Resistance of
Rubber Tank Track Pads,

Time Period Covered: FY63 thru FY75, continuously.

Research Directorate Personnel Involved in R&D Effort:

.F. Shaw (deceased)

.T. Ossefort (deceased)
.E. Ofner

.W. McGarvey

.M. Veroeven

.R. Cerny

.W. Bergstrom
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Funding Agencies:

U.S. Army Materials and Mechanics Research Center
atertown, MA

U.S. Army Tank-Automotive Command
Warren, MI

Number of Exper.uental Compounds Prepared and Evaluated - 950

Type of Elastomers or Elastomeric Blends Evaluated (by Trade Name):

Genthane S SBR 1500/HM EPDM/Diene
Genthane S/EPR 404 SBR 1500/HM EPDM
Genthane SR SBR 1500/Ameripol CB 880
Genthane SR/Estane 5740X7 SBR 1500/EP syn 55
Genthane SR/Texin 192A SBR 1500/Royalene 200
Elastothane 455 SBR 1500/Vistalon 6505
Elastothane ZR 625 SBR 1500/Pale Crepe
Vibrathane 5004 SBR 1500/Ameripol SN 600
Vibrathane 5004/EPR 404 SBR 1000
Cyanaprene 4590 Diene HD 55
Estane 5740X2 Diene/HM EPDM
Estane 5740X2/Estane 5740X7 Duradene/HM EPDM
Witco MG-2 Hycar 1072
Cyanaprene VG Hycar 1072/Diene
Dayco PS-48 (Vulco.lan) Dynagen XP-139
Multrathane F66 Neoprene W
Estane 58013 Neoprene TW
Wyandotte "one shot" urea urethane Neoprene GNA/Pale Crepe
Adiprene B Chlorobutyl HT 1066
Adiprene C Chlorobutyl HT 1066/EP syn 55
Adiprene CM Polysar V3301
Adiprene L-100 Nordel 1070
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Adiprene LD-315

SBR 1500

SBR 1500/Diene

SBR 1500/Nordel 1070

SBR 1500/Nordel 1070/Diene
EP syu 55/Pale Crepe

ECD 2677

ECD 2677/Hypalon 45

ECD 2677/Nordel 1700/Hypalon 45
ECD 729/Nordel 1320

Stereon 750

Stereon 750/EP syn 55
Stereon 750/Bromobutyl
Stereon 750/Bromobutyl/EP syn 55
Stereon 750/Ameripol SN 600
Stereon 750/Pale Crepe
stereon 700/EP syn 55
Stereon 720/EP syn 55
Stereon 720/Diene

Stereon 720/C3 221

Stereon 720/Cis<4 1350

Enjay EPT 3509
Royalene 200

EP syn 55

EP syn 55/Cis=4 1350
EP syn 55/Stereon 750

HYTRANS
HYTRANS
HYTRANS
HYTRANS
HYTRANS
HYTRANS
HYTRANS
HYTRANS

(SBR) /Bromobutyl
(SBR)Bromobutyl/EP syn 55
(Butadiene/Isoprene Type)
(B/1)/Diene
(B/1)/Bromobutyl
(B/1)/Bromobutyl/EP syn 55
(B/1)/Pale Crepe
(B/1)/Ameripol SN 600

High Mooney SBR

Philprene 1609/Cis-4 1350 (or Cis-4 1351)

Philprene 1609/Cis=4 1350 (or Cis=4 1351)/Pale Crepe

Pailprene 1609/Cis=4 1351/Ameripol SN 600

Ateripol SN 600/Ameripol CB 441
A eripol 1834/Ameripol CB 1352
A.eripol 4713

$BR 4673/CB 221

E°CAR 346/EPCAR 5465

Paracril UPBE

HYTRANS (SBR Type)

HYTRANS (SBR)/Pale Crepe
HYTRANS (SBR)/Ameripol SN 600

Iypes of Plastics or Plastic-Like Materials Evaluated

Polycarbonate

Injection moldable glass reinforced Estane polyester and polyether

urethanes

Total Number of Service Tests for Which Research Directorate Prepared

Experimental Track Pads - 15

Total Pads Prepared Total Test Miles Run

Pad Type No. of Tests
T130 7
T142 8
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service Test sites:

General Motora Test Track
Milford, Michigan

FHC Corporation
San Jose, California

Aberdeen Proving Ground
Aberdeen, Maryland

Yuw.a Proving Ground
Yuna, Avizona

Type of 3ervice Test Course Terrain:

Asphalt track

f Paved track

’ Dirt and gravel secondary roads
Level and hilly cross-country

l
' Types of Compounds (by Trade Name) from Which Experimental Track Pads
, Were Prepared: e

Research Directorate SBR 1500 control coupound
Geathane S (with and without hydrolysis inhibitors)
Genthane 3R (with and withoulL hydrolysis inhibitors)

SBR 1500/Diene

Vibrathane 5004

Nordel 1070

Paracril UPBE

\dipreae C

3BR 1500 (contains Fiverglas)
shell synthetic isoprene
High iHooney SBR

Elastothane ZR 625

Dynagea XP=-139

Hycar 1072

SBR 1500 (coitains cotton flock)
3BR 1500/Nordel 1470

Stereon 720/Nordel 1440
Calorowutyl HT-1060

Philprene 1009/Cis-4 1450 (or Cis<4 1351)
SBR 1500/Diene

SBR 407¢/CB221

stereon 750

Stereon 750/EP syn 55
Neoprene GNA/Pale Crepe
HYTRANS (SBR Type)

HYTRANS (Butadiene/Isoprene Type)
Neoprene W

Neoprene TW

Neoprene TW (coataims RICS)

ECD 2677

ECD 729/Nordel 1320

Anmeripol SN 600/Aueripol CB 441
Aueripol 1634/Areripol CB 1352
EPCAR 346/EPCAR 5465

SBR 1500/Pale Crepe

Stereon 750/Pale Crepe

HYTRANS (SBR)/Pale Crepe
Philprene 1609/Cis-4 1351/Pale
Crepe

Polycarbonate

Injection nolded glass reinforced
ESTANE urethanes

'SBR 1500 (coutains rubber

impregnated chopped strand-RICS)
HYTR ANS (Butadiene/Isoprene Type)
(contains RICS)

Philprene 1009/Cis-4 1350
(contains RICS)
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Iypes_of Compounds Which Exhibited Significant Iuprovement in iJear Resistance:

Wear Rating, (Durability) Range

Cou.pouad Descriptioa (Based oa 3 or wwore tests) Conuents
Geathane S 76-123 Elastouer proved to ve

hydrolytically uastable;
uoderately expeasive;
witundrawa irow warket,

I Geathane 3R 79-150 Elastouer proved Lo be
nydrolytically uastavle;
porosity developed in pads
l rua at niga speeds;
moderatel; expeasive;
withdrawn fro. narket.

Scereon 750 110-210 Has advanced to pilot
lot test stage.
i Pailprene 1009/Cis-4 145=-190 Has advaanced to pilot
1350 (or Cis=4 1351) lot test stage
Azeripol loda/nieripol  141-171 Did not reacn pilot lot
CB 1352 test stagec because oi

diificulties eacountered
oy TACOM in obtaiuing
elastouers fro.: B,F.Goodrich,

HYTRAN3 (3BR Type) 124-179 Has not reached pilot lot
test state; coucercial
availability in douot.

1
| HYTRANS (Butadiene/ 126-154 Has not reached pilot Jot
Isopreae Tipe) test stage; coasercial
availability 1. douot

Significait Fiadings in Efforts to I.prove iJear Resistance

1. Significant ii:provement ia wear resistance nas been achieved irow
coi:pounds based on certain low cost, geaeral-purpose type elastouers,
nanely stereon 750, HYTRANS copolyuers of butadiene/styrene or vutadiene/
isoprene and UBR/poliLutadiene olends.

2. Numerous reianforcing agents, other than or in additioa to carwoa olack,

were evaluated in various elastomers. Taese included cottoa clock, Nylon
flock, Dacron flock, Fiverglas ruover iupregrated cnopped one inch strad
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(RICS) (Owens=-Corning), 100:100 lignin: rubber latex coprecipitates
(National Research Council of Canada), Duoform 3/4 inch fiber wire
(National Standards Co.), brass-plated and low-carbon electro galvanized
wirc cloth (National Standard Co.) and Santoweb D, an unregenerated
cellulose fiber (Monsanto Chemical Co.). None of the reinforcing agents
were effective in providing compounds with significant improvement in
wear resistance,

3. A 50/50 combination of U.0.P. 8i/Santoflex AW significantly improves
the resistance to crack growth of vulcanizates based on SBR 1500,
Stereon 750, HYTRANS copolymers and an SBR/polybutadiene blend.

4. The blending of natural (pale crepe) or synthetic natural (Ameripol
SN 600) rubber with SBR 1500, Stereon 750, HYTKANS copolyners or an SHR/
polybutadiene blend significantly improves the resistance to tear,
abrasion and crack growth of the resulting vulcanizates.

5. Examination of 17 years of service test data revealed that the main
causes of track pad failure were chunking, cutting, abrasion and bond
failure. Blowouts (heat buildup) and delamination were infrequent causes
of failure. Internal pad temperatures generally averaged 250°F during

operatior, but temperatures in excess of 350°F have been recorded on occasion.

6. Correlation was found to exist between service test data and
laboratory test data for tear, abrasion and crack growth when all three
laboratory tests are considered together. 1In those instances where the
laboratory values for tear, abrasion and crack growth are all better than
the corresponding values found for the Research Directorate SBR 1500
control compound (S152-1), the service test wear rating is better than
that of the Research Directorate contrcl compound which has given wear
ratings slmost identical to those of commnercial SBR pads in numerous
seriice tests. If only one or two of the three properties is inferior
to those of the Research Directorate control compound, the wear rating
is lower.

7. An invertible rubber track pad was designed and developed by the
Research Directorate for the T130 track. In practice the invertible
concept provides for double service life by simply inverting the pad

to expose a new surface after one surface has become worn. The in-
vertible track pad concept was forwarded to TACOM for their consideration
and possible adoption.

SN

8. Injection molding of T130 pads proved feasible¢. Pads could be injection

molded in 5-10 minutes at 350° or 400°F compared to a compression
molding time of 75 minutes at 320°F, Physical properties of the injection-
molded pads ‘were found to be comparabie to those of compression-molded
pads. Pilot lots of injection-molded T130 pads have been obtained by
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"'ACOM and are currently being tested. Early results indicate that the
vear resistance of the injection-miolded pads is significantly better
than that of compression-molded pads prepared from the same compounds.

', Ex:zellent rubber-to-metal vulcanization bonding systems have been
ound for all the experimental compounds which have exhibited significantly
improved wear resistance in service tests.

Tecaanical Reports Issued - 11

L. Rock Island Arsenal Laboratory Technical Report 63-1242, April 1963.

2. Rock Island Arsenal Laboratory Technical Report 63-2900, September 1963.

(9
.

Rock Island Arsenal Laboratory Technical Report 64-2673, September 1964,
4. Rock Island Arsenal Lavoratory Technical Report 64-3579, December 1964.
5. Rock Island Arsenal R&E Division Technical Report 66-2517, August 1966,

6. Science and Technology Laboratory Technical Report RE TR 70-121,
February 1970.

7. Research Directorate Technical Report RE TR 71-13, July 1971.
«. Research Directorate Technical Report RE TR 71-43, July 1971. i
¢. Research Directorate Technical Report SWERR-TR 72-74, October 1972. i
10. Research Directorate Technical Report R-TR-74-021, April 1974, |

11. Research Directorate Technical Report R-TR-76

62




T R i e R

.

DISTRIBUTION

o p——— e st e 7 e o

fepartaent of Defense

Office of the Dirccior of Defense
Rescarch & Engincering

ATTH: Mr. Jd. C. Borrett

Poom 30-1085, The Pontagon

Viashington, DC 20301

Pefense Decumentation Center
FTTH:  TIHPOR

Cameron Station

Alexandria, VA 22314

Department of the Army

Commander

U. S. Arny Aatericl Development and Readiness Command

ATTN: DRCRD-T Dr. H. M. El1-Bisi
DRCRD-R  Dr. B. Kurkjian

5001 Lisenhover Avenue

Alexandria, VA 22333

Commander

U. S. Army Material Devclopment and Readiness Command
Scientific and Technical Information Team - Europe
ATTN: DRXST-STL Dr. Richard B. Griffin

APO New York €3710

Commander
U. S. Army Armament Command
ATTN: DRSAR-RDP
DRSAR-PP
DRSAR-SC
DRSAR-PP|
DRSAR-ASF
Rock Island, L §€120]

Commander

U. S. Army Electronics Command
ATTN: DRSEL-CG-TD

Fort Mcnmouth, NJ 07703

63

12

T SRS



DISTRIBUTION

Copies

Conmander

U. S. Army Missile Command

ATTN: Documcntation & Technical Information Branch 2
DRSM1-RRS Mr. R. E. Ely 1
DRSMI-RSM Mr., E. J. Wheelahan 1

Redstone Arsenal, AL 35809

Commander

U. S. Army Tank-Automotive Command

ATTM: DRSTA-RPL Tecknical Library I
DRSTA-RK Materials Laboratory 1

Warren, Ml 43090

U. S. Army Research & Development Group (Europe)
ATTN: Chief, Chemistry Branch
FPO Mew York 039510 |

Director

Ariny Materials and Mechanics Research Center

ATTM: DRXMR-RA

Watertown, MA 02172 |

Commander

Edgawood Arsenal

ATTN: SAREA-CL-A

Edgewood, MD 21010 1

Commander

Frankford Arsenal

ATTH: SARFA-L1000 1
Library, €2500 1

Philadelphia, PA 19137

Commander
Picatinny Arscnal
ATTH: Feltman Research Lakoratory
PLASTEC 1
Dover, NJ 07801

f 64




DISTRIBUTION

ggpies

Commander

Vatervliet Arscnal

ATTH:  SARW-RDR !
SARW-RDT  (Library) |

Watervliet, NY 12190

Commander

J. S. Army MERDC

ATTN: DRXFB-GL

Fort Belvoir, VA 22060 ]

Commander
U. S. Army Environmental Hygiene Agency
Edgweood Arsenal, MD 21010 1

Commander

U. S. Army Medical Biomechanical Rcsearch Laboratory

ATTN: Library

Fort Detrick, Bldg. 568

Frederick, MD 21701 1

Commander
U. S. Army Natick Research and Development Command
Natick, MA 01760 1

Commander

U. S. Army Aviation School

ATTN: Office of the Librarian §
Fort Rucker, AL 36362 1 '

Director

Joint Military Packaging Training Center i
ATTN: DRXPT-PT '

Aberdeen Proving Ground, MD 21005 1

Director

U. S. Army Production Equipment Agency

Rock Island Arsenal

Rock lsland, IL 61201 1

Commander

U. S. Army Tropic Test Center

ATTN: STETC-MO-A (Technical Library) |
APO New York 09827 4 ~ | |

65




_— T B T
W«T—.—.a‘ N

gt DISTRIBUTION

Copies

C. Department of the Navy

Office of Naval Research

ATTN: Code 423 .

Room 928, Ballston Tower No. |

Arlington, VA 22203 1

Commander

Naval Sea Systems Command

. ATTN: SEA-03 1
. Code 342 1

Washington, DC 2036Z

Commander

Naval Supply Systems Command

\ SUP 0442

Washington, DC 20376 ]

| Commander

U. S. Naval Surface Weapons Center

ATTN: Codc WM

Silver Spring, MD 20910 : ]

\ Commander

U. S. Naval Research Laboratory

ATTN: Technical Information Center g

Washington, DC 20375 1

Commander

U. S. Maval Ordnance Test Station

ATTN: Code 753, Technical Library

China Lake, CA 93555 1

Commander

David Taylor Naval Ship R&D Center

ATTN: Code 2843 (J. J. Eynck)

Annapolis, MD 21402 - 1

66

# T, S e L RN




DlSTRiBUTlON

————— .

D. pcgartmgﬂi_of the Air Force
HQ, USAT RDP
Foom 4D-313, The Pentagon
Washington, DC 20330 1

HQ AFHL/Ly
AFML/LZA 2
Wright-Patterson AFB, OH 45433

—

HQ AFFTC
Edwards AFB, CA 93523 ]

E.  Other Government Agencies

George ¢, Marshall Space Flight Center, NASA

ATTN: sgE : I
A&PS 1
Huntsville, AL 35812

e g

Wi

67




T

e s <

SUSTPINGATOd /HES J0 SHYMLLE "0fL Uoalasg “O0CT MEE UaTPeInqATod /ugs I0 SHVHLAN ‘05l woarmc ‘05T WES

TUZTe  II ‘powier q3TA J8qQrr TeIM3wu djaqinds Jo TeIngwu Bujpuaiyg 08T 11 ‘puwTEI n.:s Iaqqna TRMmyw saqiads Jo Temjwa BuTpusTd
¥20y ‘Twoasdy pUWTE ¥20] *SUOTITPUOD JTmWRUAp JIpUn IEM 1T UITA PIINIIOE yoog ‘Twoesly pUwTel ¥oOu *SUOT3 FpO0S I EMLLp JUpUN M §3T GITA PIjET08
- THMYE INILY ‘Cow] mempoy -0w SEeTqodd UOTIWUTINTSD puw Fuliunge sql Jo aEmwa F1-TEVE CELIY 'qwl tempoy  -se sworqoxd uorisuTmeTsp pow Buppmum aq3 Jo Isnwo
*poEwmON NEO O3 PaIJa] =30 SFQTEWSS J0U 81 spwd ¥OwWIl UT GIOT aIA Jo aEm ‘[ swmoUl gED 03 Peilal  -3q SEqISY; Jou o spwd ¥amIl U gIOTR AITA JO aem
=21 3q JENE QUSEMIOp STY1 Syl £95WD SWOS U] DaAO, a-.“!blﬁﬁuuﬁﬂ.ﬂau! -&I 35 39TE JUMMDOP 7Y 9UY3 SO8WO0 amoe U] paacsdmy aq JSlem gioTI IITA Jo aen
g0 sagsanbax Jagyo TSLAT eaga nw:ouﬂ dnpTIng 399y o1 aaUWIETEaI @l YEnogyTy Iog eyserhar Jemig *SLET g3 UPnodqs dnprTng 19 03 SOUWETEAI aqy GEnOqyTY
300 [{UOTIWNTEAY pUW 38Al) *4n002 3% 3 1831 Jedy Ul IuMmascJdEy Juwe piTudTe 450 f(UDTIWNTEAY DUW 4EAL)] “Is002 29 SOUWSTSeZ T3 uy jmamascadwy ymeoTrTuiTe
.ﬁE __EEE.. EIFES uuu?o& 19730 ITTYA EsiwzTuEeTna pud ¥owsn Wl {fuo sajousie jueENItEADs W DIpTACXd SIY30 ATTHa s¥jWsTERTRA ped yowry e
3 PRLIWT] UOTINGREIST] I.E.unu SNOTIRA u Q:EM_.E WY OF UoiROnpal JUw g 01 PAATM] TOTINQIEISTD nnl.-k&uo sSnotIeA of RPTTNG 398y U] UOTISNpAI JOw
EH..EHEMH ..ﬂﬂnm._m ® poprAoId SISZTTIqWas 1wt w0 fEagd WywaIal ¥0 TLOE THIE 10 -1ITESF8 ® PIPTACII SINITTTOWIE IWaq TEoPSegs oTHIe]
TROSNEY JUVIE 3904 TeUSELy PUWTST Yooy
QW] UWDpOY G FREOG] NI *3xodas papieswTIE) nua.amm kns “qw] Uwapoy * FREONT HED *axodas papyewwTon) (DOSEE"TT
FURIOI DAL T ﬁ_ wagay” :_.. *SOTET9 3P0D WV ‘CH-MY-TO-So00H=-5-TY MOEd ] ‘89Tqel WIDROAI T GIRes M ITT  *SOTESTS 2000 MY “SH-AY-TO-$000H-5$-TV NOHd) "seTqwm
TRLIRIY PUWIRI ¥99H *IT "EATTE *TuT ‘°d L9 ‘GLAT Jeamiap ‘gEo-gl-dwr-g 3xodsy TWURSIY PUWIS] ¥20Y “II *enTTl Ty *td fg TCUST Iaqo3ag "gRo-ol-d@l-g jaoday
BOIIeEIag "M pIRARE T WOIERIeg " pIeApy T
DO EHIAg morg sy
20UWISTESY Jwdy G M PIeAPT £Q ‘SME EOVHL ANV HEHEME-LAVIS TERH-4YER sTwEEag IwN G A pImapy L3 'oOWE ROVEL ENVD ENEENE-LEVIE TESN-EVER
TeIsusn-sargradory °n Twrsap=-satidadory v
§183] J0TAIIg L TOETS SToUTITl “PuwTs W20y #3831 TAlag  °f 102y STOUTITT “pUwTsT oo
Sped 08Il Yuw] ‘2 fdolRioqe] UWEpOY [ WSO END Irmg Youil yuwl "2 Moyeane] TEEpoy C[ SWEDUl gEC
813WO38eTT T Twoasdy puwTET ¥ooH ‘oD sIamojEwTE T Twcesly pows] ¥oou ‘O
TITITISSYIONN *ON UOTEFIIDY av ELITESVION T -uy uojEsazay -
ausTpeinafrod s J0 SNVHIAH ‘05 uoadElg ‘005T HES suatpwynolrod /ey 0 SNVHLIE ‘06) woadagg ‘005T WHS
T02Te 11 “puwle ﬂ.? daqqns TETIW ATIeNAE a0 TeImgwu BuTpoatd 02Te 11 ‘pawisI TIA JeqOnd TRmgws STiaqmnds Jo Ternjwe FUTPUSTE
ooy .iuu_r:_, POWTS I _.u.n_m OT3TROOD JTEWGAR IIpUn aEn §3T IR pAIEII0E o0y “Tenesdy PUWTE] ROOY "EUOTITRO0R IpEwalp IIpOT aEn 83T G3TA DIJEIO0S
1= .Em...u INLIY ‘Cgw] swEoy  -Ew EH»P& DOTINUTINT S PUR BUTHUMGY aq3 JO a6 FT-THHVE INLIY ‘W] wspoy  -@m smeToodd soTiwoTEwTSp pow BuTyimge gy Jo asmme
sEmoyl gE0 97 PaRIZE]  -8q SFITERSJ 10U B sped oIl U G073 AITA O 26T *f SEADN] NE0 01 PRLIS -aq #ETFweRJ 300 F] opmd ¥owry o7 gIOT9 aIjA Jo @
..n.__....np.-iu:uau_.uann,..ﬁ o7 FIFED SEcs .“ﬂuEn.Eq fwm qlO072 AITA JO aEm =&I S0 JENE AGIEMOOP ETYT  #73 S0 smoe =7 paacadmy aq Jwm gIOTY AIpA Jo aen
ang nn..!._Vuh ZAFL) .m._.m. aul yEnoagy dnpTing 19e0 01 SIUWRSTEAI 1 gEnoqyTy Jog eamanbas Iagiyp "$JAT au3 gEnoagy dnpTing 39 03 SUWETSAI g3 YENOMTY
350 [UCTTOTEAR PUW 18R] “ga0GF 19 A0UMISTERS Seay n,” susmasosde] JowdITURTE 130 f(UOTIWATEAY PUW 1§3L) *ga05F7 19 SAUWIETESI Iwed U] jusEmscadmy jowojryuEte
thmo sajouabe 3 uE._HS ® papjacad sleqis aTTEA SslEzTURRTTL ped yowry T Lo W ﬂnuu_. JusEnSEAny W pepacad siamio STTHA SEsTTRRTTA pel own T
20 o1 PELTNEL GOTANGTSISTI  -usaidedxs emoTaes ol dnpring ey 07 OOTIOTpAl uwd 8N 03 PELET] GOTANGIIIET]  -usmiledye mmojsws ou dnpTing jweq O DOTIONQAS Jowo
¥O LW THIS T =T3TUETE W paplacyd SJATETTTAWIS IWay [EITEaqD uTwRIa] EEHE.EE =JSTEETE ® pepTAcad SISTTITAWIS JReG TEOTESGD oTwREE]
TWOSEIY POWIN] ¥204 TWEaRIY PUWIN] FO0H
*qwr owEpoy [ SWEOUL KD *3sodas patjeswraun  (OOWRH"TT *qw] OwEpoy [ SO NID “jaodas perzewwroun  (DOWGE"TT
FIRIIDAIY] URIWIESECILT  "COTETH P0] WY “CH-my-TO-C000d=C=TY BOWd) "eaTqwl FIRIDIDAIN] GAIWSSSE IIT  “SOTETR FP00 WY “CH-my-TO-S0004=C-TY NOI) ‘eaTow
Teuasly puwis] ¥20¢ “IT “snrll Taur o4 g CLET I@qo3ag ‘geo-9l-dl-¥ wroday Teusary pUWTSe] X350y °IT “enTTy Tour "°d lg “CLET Ieqoe0p ‘g20-9L-wl-4 odeg
moI Rl M pIwADT (] moJyERIey M pIwApE T
oI ERIag
souwiS[say Iwem "% ‘m preaps 00 o0V NOVEL MNVI HESENE-INVES EE-UVEN 20UWISTSIY JeIM °§
rarsusregaTitadory g Twrauap-satzradolg °y
s3mal aspales TISTS STOSTITT ‘puwie] xooy 83837 DTAIS °f
Ll TR CLTERE L TR LI0ARIOGW] UREPCY [ FWEOGL NHED STRY YOBIL YUw] 2
FIs@oUFETy T Teuesdy pUNTS] NoOE “HID BISWOIBWIE °1
I L4 ISTYTINN ‘oy uOEEI0Y ay Q4 LITSSYIONN




